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Description

FIELD OF EMBODIMENTS OF THE INVENTION

[0001] The invention relates to fire detectors, to fire
alarm systems having one or more fire detectors, and to
a method for detecting fire in an environment.

BACKGROUND

[0002] Certain known smoke detectors operate by de-
tection of fire products including smoke by optical scat-
tering. Such devices for monitoring a gaseous environ-
ment incorporate a sensing volume into which a sample
of said environment is transported by active or passive
means, an electromagnetic radiation source illuminating
said sample volume, and an electromagnetic radiation
sensor positioned non-collinearly with said source to col-
lect electromagnetic radiation from said sample volume.
The output from the electromagnetic radiation sensor is
taken as a measure of radiation scattered by material
within the sample volume and therefore as a measure of
the presence and quantity of material within the sample
volume capable of causing such radiation scattering.
[0003] Optical scatter measurements do not provide
information on chemical content of aerosol particles and
are subject to false alarms arising from aerosols arising
from non fire sources. Partial combustion or pyrolysis of
carbon containing fuels are know to produce a range of
polyaromatic molecules such as benzopyrene which be-
come incorporated into products aerosols or smokes.
[0004] Polycyclic aromatic hydrocarbons (PAH) com-
prise a large class of organic compounds containing two
or more fused aromatic rings. The term ’PAH’ can be
limited to compounds containing only carbon and hydro-
gen (i.e. unsubstituted parent PAH and alkyl-substituted
derivatives) but PAH and derivatives retaining a polyar-
omatic structure, which may also be referred to as poly-
cyclic aromatic compounds include the functional deriv-
atives (e.g. nitro- and hydroxy-PAH) and the heterocyclic
analogues, which contain one or more hetero atoms in
the aromatic structure (aza-, oxa-, and thia-arenes). The
extended aromatic bonding within these structures leads
to photo-luminescent properties being widespread within
the class, with emission wavelengths generally increas-
ing with increasing aromatic centre size.
[0005] More than 100 PAH have been identified in at-
mospheric particulate matter, with a primary origin con-
sidered to be combustion processes. PAH compounds
identified as combustion products of cellulosic materials
include pyrene, fluoranthene, anthracene, phenan-
threne, chrysene, benz [a]anthracene, benzo [ghi]-peryl-
ene, benzo [c]-phenanthrene, benzofluoranthenes, ben-
zo-pyrenes, and perylene. Many such polyaromatic mol-
ecules can be photo-excited to generate characteristic
luminescent emissions and such photo-luminescence
may be indicative of a combustion origin for an aerosol.
[0006] Although optical scatter and photolumines-

cence are distinguishable phenomenon, it is normal for
illumination of an aerosol to generate optical scatter
along with any photo-luminescence. Further the geomet-
ric arrangements for their measurement have some com-
mon features. It is therefore appropriate to describe the
layout and operation for a conventional optical scatter
based fire detector before detailing distinguishing fea-
tures required for construction of a photo-luminescence
based fire detector according to the present invention.
[0007] FIG. 1 is a diagrammatic representation of an
optical scatter smoke detector of conventional type. The
detector 1 consists of a chamber provided within an en-
closure 2 having openings (not shown) allowing access
to the interior of the chamber by gases and smoke but
restricting passage of larger foreign bodies and of light.
The use of light-absorbing vanes and pulsed operation
to mitigate against effects of external illumination is
known technology for optical scatter fire detector devices.
The detector is provided with a light source 3 and photo-
sensor 4 positioned in a non-collinear arrangement so
that a sensing volume 5 illuminated by source 3 is in the
field of view of photo-sensor 4. Sensor 4 may be provided
with or incorporate wavelength restrictive optical filtering
to minimise response to radiation outside the wavelength
band provided by source 3. Light-impermeable barriers
6 are provided to restrict direct light transfer from source
3 to sensor 4. Lenses as 7 may be provided with or in-
corporated in source 3 or sensor 4 or both. The direction
of radiation from source 3 incident on sensing volume 5
makes an angle 8 with the direction from sensing volume
5 to photo-sensor 4. For forward scatter sensing as indi-
cated in FIG.1, angle 8 is less than 90 degrees and most
generally is selected to be between 30 and 60 degrees.
The bounds of sensing volume 5 are defined by the in-
tersection of illumination beam from source 3 and field
of view of photo-sensor 4 as constrained by the positions
and structures of source 3, photo-sensor 4 and lenses
as 7 and light barriers as 6.
[0008] Operating circuitry 9 is linked to the electrical
components 3 and 4. Device driving and monitoring, and
communication and alarm driving functions may be par-
tially of completely provided by circuitry 9 incorporated
in the detector 1 or and partially or completely provided
by a linked but separate control unit or panel 10. Such a
control panel 10 may be linked to multiple detectors of
various types and other peripherals including alarms. De-
tectors incorporating optical scatter smoke detectors of
conventional type may also incorporate within the same
detector body other sensors such as temperature or car-
bon monoxide sensors.
[0009] Such conventional optical scatter smoke detec-
tors are generally operated with short ∼0.01 to ∼1 ms)
light pulses at intervals of ∼1 to ∼100 seconds, more gen-
erally ∼5 seconds, where a source LED may emit in a
single wavelength band or where the source or sources
may operate with pulsed emissions in two wavelength
bands, usually at different times. Scattered radiation
sensing is generally by a silicon photo-diode which may
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cover the near UV to near IR regions or have its response
restricted by filter material, often built into the device
package.
[0010] Activation of a fire alarm may be in response to
selected signal levels from the photo-sensor used to
sense light scattered from the sensing volume or to re-
lated characteristics such as rate of rise, or to combina-
tions with other signals such as from temperature or car-
bon monoxide sensors. Optical scatter-based fire detec-
tors most generally incorporate light emitting diode (LED)
sources operated in a short duration pulsed mode. LEDs
applied most generally emit near IR radiation, usually ∼
850 or 940 nm, but LEDs emitting at other wavelengths,
particularly blue (∼465nm), are also in use.
[0011] Aerosol particle size and refractive index is
known to affect scattering efficiency and scattering angle
distribution understood in a qualitative sense to occur in
line with Mie scattering theory. Forward scattering of light
from a particle, where the angle between incident and
scattered light as indicated in FIG. 1 is less than 90 de-
grees, generally gives rise to higher scattered light inten-
sity than back scattering where the angle between inci-
dent and scattered light is greater than 90 degrees. To
increase sensitivity conventional scattered light smoke
detectors are most generally constructed to measure for-
ward scattered radiation, although use of higher scatter
angles is known. It will be understood that a detector
sensing volume is defined by the intersection of incident
light beam and photo-sensor assembly field of view which
both have non-zero width and so in practice measure-
ments are, for a limited range of scatter angles, around
that corresponding to the intersection of the central axes
of incident beam and photo-sensor assembly field of
view.
US patent application US20070097366 discloses a par-
ticle detector intended for aerosol detection where fluo-
rescence of targeted fluorophores is measured. Also, the
measurement of fluorescence frequencies specific of
background particles is used in discriminating back-
ground particles from particles that are targets for detec-
tion.

SUMMARY

[0012] While fire detectors employing multiple sourc-
es, e.g., blue and near IR LEDs, or measurements at
multiple scatter angles, or combinations thereof provide
some limited discrimination between aerosol types and
are claimed to allow some discrimination between prod-
ucts from real fires and from false alarm stimuli, such as
steam or dust, the process of radiation scattering em-
ployed does not effectively probe the chemistry of the
radiation scattering materials.
[0013] It is desirable that fire detection devices should
allow robust discrimination between airborne aerosols
and/or vapours originating from true fire events or false
alarm scenarios. Both real fires and false alarm scenarios
can however generate quite complex product mixes with

broad size distributions for aerosols making discrimina-
tion based on optical scatter characteristics alone difficult
and possibly unreliable.
[0014] In addition to scattering, interactions between
electromagnetic radiation and materials include absorp-
tion, which most generally involves conversion of light
energy to heat, but can also for some materials include
absorption with excitation and re-radiation of energy at
wavelengths different that of the illuminating radiation.
Photo-luminescence, the process of absorption with ex-
citation and re-radiation with wavelength change, most
generally involves emission of luminescent radiation in
wavelength bands longer than that for the excitation.
Photo-luminescence is dependant on the chemical spe-
cies and their environments as the required excitation
energies and the emission spectra derive from the elec-
tronic energy level structure of and are characteristic of
the chemical species involved. Photo-luminescence in-
cludes photo-excitation of chemical species classified as
fluorophors, and such photo-luminescence includes flu-
orescence and phosphorescence which differ in energy
excitation and decay transitions and the emission life-
times. The spectral characteristics of photo-lumines-
cence associated with bio-molecules, especially NADH
and tryptophan, have been used to characterise aerosol
particles as being of biological origin e.g. as in reference
"Multiple UV wavelength excitation and fluorescence of
bioaerosols, Vasanthi Sivaprakasam, Alan L. Huston,
Cathy Scotto and Jay D. Eversole, 20 September 2004
/ Vol. 12, No. 19 / OPTICS EXPRESS 4457".
[0015] Laser Induced Fluorescence (LIF) studies have
shown that incomplete combustion or pyrolysis of car-
bon-containing fuels can yield fluorescent species, par-
ticularly poly-aromatic hydrocarbons (PAHs) which may
become absorbed onto or become converted into aerosol
(soot) particles, and that photo-excitation by radiation in
UV to blue wavelength bands of small to moderate sized
poly-aromatic molecules (∼2- 10 aromatic rings) gives
rise to photo-luminescent radiation in the visible to near
infrared wavelength band region e.g. as in reference
"Soot precursor measurements in benzene and hexane
diffusion flames, Y. Kobayashi, T. Furuhata, K. Amagai,
M. Arai, Combustion and Flame 154 (2008) 346-355".
[0016] While the origin of PAHs are generally associ-
ated with combustion or pyrolysis processes, and they
have been optically monitored in controlled combustion
and flue gases, the application of sensing the presence
of these or other photo-luminescent species in air or aer-
osols for use as an indicator in fire detection directly or
for characterisation of or confirmation of nuisance fires
registered by other means, such as optical scatter de-
tection, has not been previously proposed.
[0017] According to a first aspect of the invention, a
fire detector comprises: an enclosure comprising provi-
sion for air transfer from an environment into a sensing
volume; a source assembly which illuminates said sens-
ing volume in a first electromagnetic wavelength band;
and a photo-sensor assembly configured to sense, in a
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second electromagnetic wavelength band, photo-lumi-
nescent emissions resulting from illumination of particles
in the sensing volume by radiation in said first electro-
magnetic wavelength band, the photo-sensor assembly
providing an output indicative of said sensed photo-lumi-
nescence; wherein said output is an input to a fire con-
dition notification assembly actuated by one or more input
signals.
[0018] Preferably, the source emission wavelength
bands and photo-sensor response wavelength bands are
arranged so that they do not overlap. This can be
achieved either because of constrained wavelength band
characteristics for the source and photo-sensor or by pro-
vision within source assemblies or photo-sensor assem-
blies or both of filtering structures which may be optical
wavelength filters or temporal (time based) filters.
[0019] According to a second aspect of the invention,
a method for detecting fire in an environment, comprises:
in a chamber communicating with said environment,
shining into a sensing volume within said chamber a light
in a first waveband selected to excite photo-lumines-
cence from fire products, and sensing such photo-lumi-
nescence as light in a second waveband distinct from
said first waveband or during a photo-luminescence de-
cay period after cessation of illumination in the first wave-
band, generating a signal responsive to the intensity of
the photo-luminescence; determining on the basis of said
signal, whether a dangerous fire condition is indicated,
and actuating an alarm when such dangerous condition
is indicated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Example embodiments of the invention are
hereinafter described with reference to the accompany-
ing diagrams which are not to scale and where:

FIG. 1 is a schematic diagram illustrating a detector
according to prior art wherein presence of aerosols
is detected by optical scatter measurements;

FIG. 2 is a schematic diagram illustrating a detector
according to an embodiment of the invention wherein
sensing of photo-luminescence of airborne material
is enabled;

FIG.3 is a diagram illustrating wavelength profiles
for radiation sources and sensors of the detector of
FIG.2;

FIG. 4 is a diagram illustrating function of optical
wavelength filtering in operation of an embodiment
as illustrated in FIG.2;

FIG.5 is a diagram illustrating function of temporal
filtering in operation of an embodiment;

FIG.6 is a schematic diagram illustrating a detector

according to an embodiment of the invention where-
in, in addition to sensing of photo-luminescence,
sensing of optical scattering of airborne material is
enabled in a single detector housing.

DESCRIPTION

[0021] Generation of photo-luminescence (fluores-
cence or phosphorescence) from materials involves ra-
diation absorption and re-emission at different, usually
longer wavelengths, and can be characteristic of the
presence of photo-luminescent species (fluorophors).
Detection of such luminescence provides indication of
the presence of chemical species which is not available
for optical scatter measurements.
[0022] Sensing of photo-luminescence and differenc-
es in photo-luminescent characteristics such as excita-
tion and emission wavelength bands and emission life-
times may be used to determine whether fluorophors are
present and to discriminate between different species
and according to the present invention detect presence
of fire products including smoke and to distinguish be-
tween such products and other aerosols such as steam,
dust, and some bio-aerosols.
[0023] Light levels generated by photo-luminescence
are highly dependant on the presence, concentration,
and type of fluorophors present. Pyrolysis or incomplete
combustion of carbon-containing fuels can generate a
wide range of compounds in fire product vapours or in
smoke aerosols, which range of compounds can include
photo-luminescent species, particularly poly-aromatic
molecules. The absorbed and emitted wavelength bands
are dependant on the chemical and structural nature of
the photo-luminescent materials and can be used as an
identifier or fingerprint of such materials and of fire types.
Illumination at visible or UV wavelength of atmospheres
or aerosols containing such products can excite lumines-
cent emissions, particularly in the near UV, visible, and
near IR wavelength range covered by silicon or InGaAs
photo-sensors. Detection of photo-luminescent emis-
sions requires that such emissions be separated from
other light, particularly that from the exciting source, ei-
ther direct or scattered. This separation is achieved by
arranging that source emission wavelength bands and
photo-sensor response wavelength bands do not overlap
either because of constrained wavelength band charac-
teristics for the source and photo-sensor or by provision
within source assemblies or photo-sensor assemblies or
both of filtering structures which may be optical wave-
length filters or temporal (time based) filters. The provi-
sion of such separation or filtering is a requirement for
identification of photo-luminescence from material
present in a sensing volume according to the present
invention. In optical scatter smoke detectors of conven-
tional type, photo-luminescent emissions may be present
when material in the sensing volume is illuminated, but
there is no effective provision for separating or distin-
guishing such luminescent emissions from scattered light
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or providing a signal corresponding to such photo-lumi-
nescent emissions alone. In such conventional detectors
any photo-luminescence may not be readily distin-
guished from the scattered radiation.
[0024] According to the present invention, discrimina-
tion between fire types, as well as between fires and non-
fire sources is improved by measuring photo-lumines-
cence such as fluorescence or phosphorescence of air
borne materials including molecular compounds and es-
pecially compounds in aerosols. Detectors according to
the present invention are provided with means to sense
radiation in wavelength bands associated with photo-lu-
minescent emissions associated with products of com-
bustion and pyrolysis and particularly poly-aromatic hy-
drocarbons or structurally related compounds, and to
sense that such emissions are at levels associated with
presence of fire. This characterization on the basis of
photo-luminescence aids discrimination between fire
types as well as between fires and non-fire sources. Pho-
to-luminescence information, which may include its ab-
sence, spectral distribution or temporal distribution, can
be utilized to indicate material identity and whether the
signal is representative of a real hazard event, aiding
discrimination between fire types or other event or haz-
ard, or representative of a false alarm stimulus.
[0025] Optical sources for use in photo-luminescence
based fire detection may be Gallium Nitride-based LEDs,
variants of which emit radiation in wavelength bands with-
in the range 200 to 600 nm, and for the present application
emission wavelength bands may for example be selected
in the near UV to blue regions, ∼320 to 480 nm. Other
compact visible/ UV emitters may in principle be em-
ployed including LEDs based on other high band-gap
semiconductor systems, e.g. diamond, zinc oxide, and
boron nitride. Other suitable visible/ UV sources include
lasers, devices utilising up-converting phosphors or non-
linear materials, and discharge lamps including relatively
high pressure micro-plasma devices. While excitation
source wavelengths in the near IR can also excite photo-
luminescence from some fluorophors including larger po-
ly-aromatic molecules, application within the range cov-
ered by currently known silicon and InGaAs photo-sen-
sors may be limited.
[0026] Preferred photo-sensor for use in detectors ac-
cording to the present invention include silicon photo-
diodes as for conventional optical scatter sensing, but
other photo-sensors may be employed including but not
limited to other semiconductor based photo-diodes, PIN
photo-diodes, avalanche photo-diodes, photo-resistors,
photo-transistors, LEDs operated in reverse mode as
photo-sensors, CCDs, phototubes, and photomultiplier
tubes. As available photo-luminescence intensities will
generally be low, photo-sensors are selected, config-
ured, or operated to allow measurements of low intensity.
Suitable photo-sensors for use in detectors based on
sensing relatively low photo-luminescence intensities ac-
cording to an embodiment of the present invention in-
clude, but are not limited to, silicon photodiodes, PIN de-

vices (p-type/intrinsic/n-type diodes), avalanche photo-
diodes, and photo-tubes and photomultiplier devices.
Photo-sensors with fast response characteristics may be
selected where temporal filtering is used with relatively
short decay life-time fluorescent emissions.
[0027] As an alternative to optical wavelength selective
transmission filters operating by absorptive, reflective, or
interference means, which may include electrochromic
filter structures, selection of wavelength bands for photo-
excitation and luminescence sensing may be achieved
by refractive or diffractive optical structures. Multiple op-
tical sensors or sensor and filter combinations may be
used to obtain information over multiple photo-lumines-
cence wavelength bands. Optical filtering, refractive, and
diffractive optics may be used individually or in combina-
tion to provide spectral separation and in combination
with detectors or detector arrays used to obtain informa-
tion over multiple photo-excitation and photo-lumines-
cent emission wavelength bands. Multiple sources may
be employed together or sequentially to provide stimulus
in different wavelength bands to excite luminescence
from material entering the sensing region.
[0028] Photo-luminescence based characterisation for
fire detection may be used alone or more advantageously
in combination with conventional optical scattering
smoke detection methods.
[0029] Embodiments of photo-luminescence based
detection or characterisation of fire or fire products may
be realized by detectors structurally similar to those used
conventionally for detection of smoke by optical scatter,
but with additional structures or components allowing
photo-luminescent emissions to be distinguished from
optical scatter.
[0030] Embodiments of photo-luminescence based
detection or characterisation of fire or fire products may
be realized by providing a source assembly that emits
radiation limited to a selected first wavelength band, for
example within but not necessarily including all of the UV
to visible region (200-600 nm), and a photo-sensor as-
sembly which may include selective structures, either op-
tical or electronic, configured to produce a response se-
lectively to radiation in a selected second wavelength
band not coincident with the selected first wavelength
band. The second wavelength band, for example within
but not necessarily including all of the near UV or visible
to near IR region (300-1200 nm), is selected to include
emissions from photo-luminescence of fluorophors such
as polyaromatic compounds arising from combustion.
[0031] The source and photo-sensor may be posi-
tioned with respect to each other and to opaque barriers
such that radiation from the source does not pass directly
to the photo-sensor. Photo-luminescent emissions are
more isotropic than scattered radiation although gener-
ally much weaker. For luminescence detection, the pho-
to-sensor may be placed where scattered radiation in-
tensity is relatively low. For example, the photo-sensor
may be positioned such that the direction of radiation
from the sensing volume towards the photo-sensor
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makes an angle to the direction of radiation incident on
the sensing volume of greater than 70 degrees, prefer-
ably between 90 and 180 degrees.
[0032] As with optical scatter- and optical absorption-
based fire detectors, it is important to ensure that chang-
es in ambient lighting do not deleteriously affect the op-
tical detection system. For this purpose, suitable light ab-
sorbing vanes or labyrinths around the detection cham-
ber to prevent light ingress may be employed. Pulsed
operation of optical sources and optical sensing both with
and between pulses allow monitoring of any light ingress
and adjustment of alarms levels as required.
[0033] A detector according to an embodiment of the
present invention incorporates means such that photo-
luminescent emissions from material in the sensing vol-
ume may be sensed separately from scattered light from
the sensing volume, which means may be provided whol-
ly or partially by choice of source e.g. laser or photo-
sensor with suitably constrained emission or response
wavelength band characteristics or by employing light
filtering in source assemblies or in photo-sensor assem-
blies, or both, or by use of use of time based filtering of
photo-sensor signals.
[0034] FIG.2 is a diagrammatic representation of a de-
tector 100 for detection of fire by sensing presence of fire
products by photo-luminescence according to an embod-
iment of the present invention. The structure of the de-
tector is similar to that of a conventional optical scatter
detector as illustrated in FIG.1, however the embodiment
represented in FIG.2 employs optical wavelength filters
to separate photo-luminescent emissions from scattered
light. The fire detector may further include an alarm
sounder, or may be connected to a fire alarm system
which generates an alarm signal upon detection of a fire
by the fire detector.
[0035] Detector 100 of FIG.2 consists of a chamber
provided within an enclosure 102 having openings (not
shown) allowing access to the interior of the chamber by
gases and smoke but restricting passage of larger foreign
bodies and of light. The detector is provided with a light
source 130 providing illumination in a selected wave-
length band in the UV to visible range. A first filter 111
may be provided to restrict the wavelength band of light
entering the sensing volume as described with reference
to following FIG.4. A second filter 112 may be provided
to block the wavelength band corresponding to light en-
tering the sensing volume from source 130 and to pass
photo-luminescent emissions from sensing volume 105
to photo-sensor 104. The source 130 and photo-sensor
104 are positioned in a non-collinear arrangement such
that the sensing volume 105, illuminated by source 103,
is in the field of view of photo-sensor 104. The angle 108
between light incident on the sensing volume and the
direction from sensing volume to photo-sensor is prefer-
ably greater than 30 degrees and more preferably in the
range 70 to 180 degrees. To achieve angles close to 180
degrees the radiation source 130 and photo-sensor 104
may be incorporated in a single package. Filters 111 and

112 may be incorporated into source 130 and photo-sen-
sor 104 respectively or components for source 130 and
photo-sensor 104 may be arranged to have selected non-
overlapping emission and sensing wavelength band
characteristics. Light-impermeable barriers 106 are pro-
vided to restrict direct light transfer from source 130 to
sensor 104. Lenses such as lens 107 may be provided
with or incorporated into source 130 or sensor 104 or
both. The bounds of sensing volume 105 are defined by
the intersection of illumination beam from source 130 and
field of view of photo-sensor 104 as constrained by the
positions and structures of source 130, photo-sensor 104
and lenses as 107 and light barriers as 106.
[0036] Operating circuitry 109 is linked to the electrical
components 130 and 104. Device driving and monitoring,
and communication and alarm driving functions may be
partially of completely provided by circuitry 109 incorpo-
rated in the detector 100 or partially or completely pro-
vided by a linked but separate control unit or panel 110.
Control panel 110 may be linked to multiple detectors of
various types and other peripherals including alarms. De-
tectors operating by sensing of fire product photo-lumi-
nescence according to the present invention may also
incorporate within the same detector body other sensors
such as optical scatter smoke sensors, ionization type
smoke sensors, light obscuration sensors, carbon mon-
oxide sensors, flame electromagnetic emission sensors,
and temperature sensors. Algorithms operating in hard-
ware or software within local and/or remote electronics
may collectively analyze and/or combine the signals. As
for conventional single or multiple sensor fire detectors,
alarm threshold levels deriving from algorithms applied
to photoluminescence based detectors, or to detectors
based on photoluminescence and other fire detection
sensors in combination, are selected to meet require-
ments contained within relevant fire detection standards
e.g. UL217, EN54/7 such as times to alarm for specified
standard fires.
[0037] Separation of photoluminescence from optical
scatter, based on optical wavelength filtering, may be
performed by one or more optical filters such that light
from the optical source does not pass to or is not detected
by the photo-sensor while at least part of the light in the
wavelength band associated with photo-luminescent
emissions from fire products does pass to and is sensed
by the photo-sensor. The operation of optical wavelength
filtering as applied for the embodiment represented in
FIG.2 is illustrated with reference to FIGS. 3 and 4.
[0038] With reference to FIG.2, FIG.3 is an exemplary
diagrammatic representation of the overlap of the emis-
sion intensity versus wavelength profile 360 of the light
emitted by a typical near-UV or blue light source 130 and
the relative photosensitivity versus wavelength profile
362 corresponding to a typical photo-sensor 104.
[0039] With reference to FIG. 2 and FIG.3, FIG.4 is a
diagrammatic representation of stages in the process of
radiation transmission from source 130 with scatter and
photo-luminescence from a particle in sensing volume
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105 to generation by photo-sensor 104 of a signal cor-
responding only to the photo-luminescence. The source
emission has a wavelength profile 460. After passing
through source filter 111, with long wavelength cut off
characteristics 470, the filtered source emission has fil-
tered wavelength profile 472. This beam is incident on
material present in the sensing volume 105 represented
as particle 474 consisting of or containing material such
that the filtered radiation beam may in part be scattered
and in part be absorbed with some subsequent excitation
and photo-luminescent emission. The scattered radiation
has a wavelength profile 478 essentially identical to that
472 of the incident radiation. The photo-luminescent
emission, on the other hand, has a wavelength profile
476 dependant on the photo-luminescent species
present in material represented as particle 474. Profile
476 is generally spread to wavelengths longer than the
exciting incident radiation but if incident wavelength pro-
file 472 has significant spread, there may be some over-
lap of profiles 476 and 478.
[0040] Scattered and photo-luminescent radiation
passes through detection filter 112. Detection filter 112
may have short wavelength cut off characteristics 480.
The filter characteristics 480 are selected such that they
overlap with filter characteristics 470 so that in combina-
tion little or no radiation direct or scattered from source
130 can pass to photo-sensor 104, as indicated by zero
or very low radiation profile 482, which incident on the
photo-sensor produces a zero or very low signal level
486. The filter characteristics 480 are further selected
such that a substantial proportion of the photo-lumines-
cent radiation with profile 476 is passed, resulting in
wavelength profile 484. Profile 484 includes wavelengths
within the photo-sensor sensitivity profile 362 such that
a signal 488 indicative of photo-luminescence from par-
ticle 474 is produced from the photo-sensor 104.
[0041] For cases where material in the sensing volume
represented as particle 474 does not include photo-lumi-
nescent material, no photo-luminescent emissions will
be generated and no measureable signal 488 will be pro-
duced.
[0042] Alternatively, or in addition to the previously de-
scribed techniques, use may be made of temporal filter-
ing based on luminescence decay times for fluorescent
or phosphorescent species upon cessation of excitation.
Simple optical scatter does not show significant decay
times. The temporal filtering is generally achieved by
electronic filtering means; the photo-sensor signal is
monitored in a period following completion of the source
excitation pulse.
[0043] The operation of temporal wavelength filtering
is illustrated with reference to FIGS. 3 and 5 as applied
for an embodiment which may be represented as in FIG.2
with optical wavelength filters 111 and 112 omitted and
wherein the temporal filtering process is incorporated in
electrical operating circuitry 109.
[0044] Use of temporal filtering to separate signals
arising from optical scatter and photo-luminescence as

described with reference to FIG. 5 requires photo-sensor
sensitivity to the photo-luminescent emissions charac-
teristic of fire products but is also compatible with sensi-
tivity to the source radiation illuminating the sensing vol-
ume. Temporal filtering in combination with photo-sensor
assembly sensitivity covering wavelengths for optical
scatter and photo-luminescence can allow separate
measurements of both photoluminescence and scatter.
[0045] FIG.5 is a diagrammatic representation of stag-
es in the process of transmission of a radiation pulse from
a source emitting in the near UV or visible regions with
scatter and photo-luminescence from aerosol particles
in the detector sensing volume to generation of a signal
sequence from a photo-sensor which allows optical scat-
ter to be distinguished from photo-luminescence. The
source emission pulse having wavelength profile 560 is
incident on material present in the sensing volume rep-
resented as particle 574 consisting of or containing ma-
terial such that the radiation beam may in part be scat-
tered and in part be absorbed with some subsequent
excitation and photo-luminescent emission. The scat-
tered radiation has a wavelength profile 580 essentially
identical to that 560 of the incident radiation. The photo-
luminescent emission has a wavelength profile 576 de-
pendant on the photo-luminescent species present in
material represented as particle 574. Profile 576 is gen-
erally spread to wavelengths longer than the exciting in-
cident radiation but if incident wavelength profile 560 has
significant spread, there may be some overlap of profiles
580 and 576.
[0046] The photo-sensor 104 generates an electrical
signal sequence 590 in response to sensed scattered
and photo-luminescent radiation. Signal sequence 590
comprises a contribution 592 arising from the scattered
radiation terminating at time TOFF when the source emis-
sion pulse is terminated, a contribution 594 arising from
the photo-luminescent emission in the period 596 coin-
cident with emissions from the source 130, and a contri-
bution 598 from photo-luminescent emissions during a
decay period 599 after the source emission pulse is ter-
minated.
[0047] Sampling within a period 599 commencing at
or shortly after the source pulse termination and termi-
nating before the next source pulse provides a measure
of photo-luminescent emissions alone.
[0048] Sampling the signal within a period 596 termi-
nating at or just before the source pulse termination pro-
vides a measure of optical scatter and photo-lumines-
cence together. The contributions are not distinguishable
within this period but will normally be heavily dominated
by the optical scatter signal. Photo-sensor signal sections
within a period 596 including the source pulse period but
ending at or before pulse termination and separately with-
in a period 599 commencing at or shortly after the source
pulse termination and terminating before the next source
pulse provide separate but complimentary measures of
optical scatter and photo-luminescent emissions.
[0049] For cases where material in the sensing volume
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represented as particle 574 does not include photo-lumi-
nescent material, no photo-luminescent emissions will
be generated and no measureable signal in period 599
will be produced.
[0050] In addition to distinguishing between materials
which do show photo-luminescence from those that do
not, not only can short luminescent lifetime fluorophors
be distinguished from those with extended lifetimes such
as phosphors, but also different fluorescent materials
with different but relatively short luminescent lifetimes
can be distinguished from each other. Thus, poly-aro-
matic hydrocarbon species can be distinguished from
some photo-luminescent species of non-fire origins such
as biological aerosols. Use of such time-based filtering
as well as variants on methods using multiple optical puls-
es including input at wavelengths longer than the lumi-
nescence excitation wavelengths such as in pump-probe
fluorescence measurements may optionally be included
within fire detection equipment. Relevant operation of
pump-probe fluorescence is described in reference "Flu-
orescence Lifetime Imaging by Asynchronous Pump-
Probe Microscopy, C. Y. Dong, P. T. C. So, T. French,
and E. Gratton, Biophysical Journal Volume 69 Decem-
ber 1995 2234-2242".
[0051] Application of photo-luminescence to detect
and characterise fire products may be operated either in
the same housing or separately in combination with other
detector types, particularly those conventionally used for
fire detection. Further, photo-luminescence sensing may
be combined with optical scatter smoke sensing struc-
tures using radiation from the same or different sources
or source assemblies, and including scatter in one or
more wavelength bands. To conserve power and maxi-
mize source lifetime, especially for UV or blue LED
source, sources for exciting photo-luminescence for de-
tection may be operated with longer intervals between
pulses than used for the sources of optical scatter smoke
detection sources or operated only when measurements
of scattered light, especially from longer wavelength, e.g.
near IR, sources indicates the presence of aerosols or
smoke for characterization. Avoiding excessive signal-
to-noise issues with such photo-sensor is achieved by
application when simple scatter or other smoke detection
means indicates the presence of significant aerosol lev-
els. Although a rise in optical scattering is the most ob-
vious event to trigger application of the photo-lumines-
cent detection process, this might also be based on
changes indicated by optical absorption, by ionisation
type smoke detectors, CO or other gas detectors, flame
detectors, or heat detectors.
[0052] Fire detectors incorporating fire product lumi-
nescence measurements as described above may be
distributed about a building or area to be protected as a
series of point detectors. Alternatively detectors incorpo-
rating fire product luminescence measurements as de-
scribed above may be used with aspirated fire detection
systems where airflows from one or more areas to be
protected are carried by suitable piping or ducts to the

detector system.
[0053] The fire detector in this embodiment may further
include an alarm sounder, or may be connected to a fire
alarm system which generates an alarm signal upon de-
tection of a fire by the fire detector.
[0054] FIG.6 is a diagrammatic representation of an
embodiment of the present invention arranged to perform
photo-luminescence detection using optical wavelength
filter separation, in addition to conventional optical scatter
detection of aerosols. The two sources 603 and 630 are
pulsed so that their emissions are not coincident in time.
Source 630 is selected to emit in a wavelength band able
to excite photo-luminescence from fire products, which
wavelength band will be from within the UV to visible
range, preferably within a wavelength band range from
300 to 500 nm. Source 603 is selected to emit in a wave-
length band not significantly exciting photo-lumines-
cence from fire products, which wavelength band will be
within the visible to near infra red range, preferably within
a wavelength band from 700 to 1200 nm, and most pref-
erably in the range 800 to 1000 nm. In the embodiment
represented in FIG.6, a single photo-sensor is provided
sensitive to radiation in the wavelength band emitted by
source 603 and to radiation in a wavelength band includ-
ing at least part of photo-luminescent emissions excited
from fire products by emissions from source 630. It will
be understood that alternatively multiple photo-sensors
collectively providing such wavelength band coverage
may be employed.
[0055] The detector 600 consists of a chamber provid-
ed within an enclosure 602 having openings (not shown)
allowing access to the interior of the chamber by gases
and smoke but restricting passage of larger foreign bod-
ies and of light. For optical scatter detection a first light
source 603 and photo-sensor 604 sensitive to emissions
in the wavelength band emitted by light source 603 is
provided positioned non-collinearly, preferably for for-
ward scatter sensing. Lens 607 and filter 612 are selected
to transmit radiation in the wavelength band emitted by
source 603. A sensing volume 605 within the field of view
of sensor 604 is illuminated by source 603. For photo-
luminescence detection, a second light source 630 is pro-
vided also positioned non-collinearly with sensor 604,
preferably so as not to correspond to forward scatter
sensing. A volume illuminated by source 630 and within
the field of view of sensor 604, constitutes a sensing vol-
ume for photo-luminescence sensing which volume is
preferably at least partially coincident with the sensing
volume 605 for optical scatter sensing. Light-impermea-
ble barriers 606 are provided to restrict direct light transfer
from sources 603 and 630 to sensor 604. One or more
lenses, such as lens 607, may be provided with or incor-
porated into sources 603 and 630 and sensor 604. Op-
tical filter 611, where provided, is selected to pass a sub-
stantial portion of the wavelength band for radiation emit-
ted by source 630. Optical filter 612 is selected to pass
radiation in a wavelength band corresponding to photo-
luminescence from fire product particles within sensor

13 14 



EP 2 815 388 B1

9

5

10

15

20

25

30

35

40

45

50

55

volume 605 but not pass radiation in the wavelength band
for radiation emitted by source 630.
[0056] Operating circuitry 609 is linked to the electrical
components 603, 630 and 604. Device driving and mon-
itoring, and communication and alarm driving functions
may be partially or completely performed by circuitry 609
incorporated in the detector 600 or partially or completely
performed by a linked but separate control unit or panel
610. Such a control panel 610 may be linked to multiple
detectors of various types and other peripherals including
alarms.
[0057] The fire detector may further include an alarm
sounder, or may be connected to a fire alarm system
which generates an alarm signal upon detection of a fire
by the fire detector.

Claims

1. A fire detector comprising:

an enclosure comprising provision for air trans-
fer from an environment into a sensing volume;
a source assembly which illuminates said sens-
ing volume in a first electromagnetic wavelength
band; and
a photo-sensor assembly configured to sense,
in a second electromagnetic wavelength band,
photo-luminescent emissions resulting from il-
lumination of particles in the sensing volume by
radiation in said first electromagnetic wave-
length band,
the photo-sensor assembly providing an output
indicative of said sensed photo-luminescence

wherein said output is an input to a fire condition
notification assembly actuated by one or more input
signals.

2. A fire detector according to claim 1 wherein said first
and second wavelength bands are selected to in-
clude sequentially luminescent excitation and emis-
sion wavelength bands for fire products.

3. A fire detector according to claim 2 wherein said fire
products include polyaromatic hydrocarbons and de-
rivatives retaining a polyaromatic structure.

4. A fire detector according to claim 1 wherein provision
of radiation in said first wavelength band from within
the range 200 nm to 600 nm is provided by said
source assembly which includes at least one of: a
LED, a LASER, a micro-plasma device and dis-
charge source operated to provide continuous or
pulsed illumination of said sensor volume.

5. A fire detector according to claim 1 wherein said pho-
to-sensor detecting radiation from said detection vol-

ume in said second wavelength band from within the
wave length range 300 nm to 1200 nm comprises at
least one of: a silicon photo-diode, a semiconductor
based photo-diode, a PIN photo-diode, an ava-
lanche photo-diode, a photo-resistor, a photo-tran-
sistor, a LED operated in reverse mode as a photo-
sensor, a CCD, a phototube, and a photomultiplier
tube.

6. A fire detector according to claim 1, wherein said
source assembly or said photo-sensor assembly or
both incorporate optical wavelength filtering means
such that radiation in said first wavelength band en-
tering said sensing volume and radiation sensed in
said second wavelength band include no common
wavelengths.

7. A fire detector according to claim 6 wherein said op-
tical wavelength filtering means comprises at least
one of: a wavelength selective transmission filter, a
reflection filter, an electrochromic filter, an optically
refractive structure, and an optically diffractive struc-
ture.

8. A device for detection of fire according to claim 1
wherein said source assembly is operated in a
pulsed illumination mode and wherein time based
electrical signal filtering is applied to the output of
said photo-sensor assembly such that said output
from a time period after completion of any said illu-
mination pulse coincident to at least part of a decay
period for said photo-luminescence provides a
measure of said photo-luminescence.

9. A fire detector according to claim 1 wherein said ra-
diation source assembly and photo-sensor assem-
bly are positioned in a non collinear arrangement
such that only radiation from said sensing volume
emitted at angles within a range between 30 and 180
degrees with respect to direction of radiation from
said source assembly to said sensing volume is col-
lected at said photo-sensor.

10. A fire detector according to claim 1 wherein said ra-
diation source assembly and said photo-sensor as-
sembly are arranged so as to reduce to a low level
receipt by said photo-sensor of radiation either direct
from said radiation source, by reflection from struc-
tures within said detector, or from an environment
external to said detector by provision of radiation bar-
riers and absorbing structures.

11. A fire detection device incorporating a fire detector
according to claim 1 wherein said device may include
one or more additional fire detection sensors used
to detect presence of at least one of the products
associated with fire including smoke, carbon mon-
oxide, flame, and heat, including scattered-light
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smoke sensors, ionization type smoke sensors, light
obscuration sensors, carbon monoxide sensors,
flame electromagnetic emission sensors, and tem-
perature sensors, wherein optionally activation of
operation of said fire detector according to claim 1
or components thereof is in response to selected out-
put from one or more said additional fire detection
sensors.

12. A fire detection device incorporating a fire detector
according to claim 1 wherein said fire detector is op-
erated in combination with an optical scatter or an
optical absorption smoke detector assembly, where-
in sensing volumes of said fire detector and said
smoke detector assembly are adjacent, or common,
or in part common, and wherein differently timed
pulses or different stages in pulsed operation of
source or sources are used for separate measure-
ments of photo-luminescence and of optical scatter
or absorption.

13. A fire detector according to claim 1 incorporating one
or more source assemblies enabled to produce ra-
diation in multiple first wavebands to illuminate and
excite material in said sensor volume, either simul-
taneously or as pulses at different times, and one or
more photo-sensor assemblies enabled to sense ra-
diation in multiple second wavebands providing out-
puts indicative of multiple photo-luminescent mate-
rials in said sensing volume.

14. A fire detection system comprising a plurality of de-
vices for detection of fire, which plurality of devices
includes at least one detector being a detector ac-
cording to claim 1.

15. A method for detecting fire in an environment, com-
prising: in a chamber communicating with said
environment , shining into a sensing volume within
said chamber a light in a first waveband selected to
excite photo-luminescence from fire products, and
sensing such photo-luminescence as light in a sec-
ond waveband distinct from said first waveband or
during a photo-luminescence decay period after ces-
sation of illumination in the first waveband, generat-
ing a signal responsive to the intensity of the photo-
luminescence; determining on the basis of said sig-
nal, whether a dangerous fire condition is indicated,
and actuating an alarm when such dangerous con-
dition is indicated.

Patentansprüche

1. Feuermelder, umfassend:

eine Umhüllung, die eine Luftübertragung von
einer Umgebung in ein Sensorvolumen vorsieht;

eine Quellenanordnung, die das Sensorvolu-
men in einem ersten elektromagnetischen Wel-
lenlängenband beleuchtet; und
eine Fotosensoranordnung, die so konfiguriert
ist, dass sie in einem zweiten elektromagneti-
schen Wellenlängenband fotolumineszierende
Emissionen, die sich aus der Beleuchtung von
Partikeln im Sensorvolumen durch Strahlung im
ersten elektromagnetischen Wellenlängenband
ergeben, erfassen,
wobei die Fotosensoranordnung eine Ausgabe
liefert, die die erfasste Fotolumineszenz kenn-
zeichnet,
wobei die Ausgabe eine Eingabe zu einer
Brandzustandsbenachrichtigungsanordnung
ist, die durch ein oder mehrere Eingangssignale
betätigt wird.

2. Feuermelder nach Anspruch 1, wobei das erste und
das zweite Wellenlängenband so ausgewählt sind,
dass sie sequentiell lumineszierende Anregungs-
und Emissionswellenlängenbänder für Feuerpro-
dukte umfassen.

3. Feuermelder nach Anspruch 2, wobei die Feuerpro-
dukte polyaromatische Kohlenwasserstoffe und De-
rivate, die eine polyaromatische Struktur beibehal-
ten, umfassen.

4. Feuermelder nach Anspruch 1, wobei die Bereitstel-
lung von Strahlung im ersten Wellenlängenband von
innerhalb des Bereichs von 200 nm bis 600 nm von
der Quellenanordnung bereitgestellt wird, die we-
nigstens eine/einen von: einer LED, einem LASER,
einer Mikroplasma-Vorrichtung und einer Entla-
dungsquelle aufweist, die betrieben wird, um eine
kontinuierliche oder gepulste Beleuchtung des Sen-
sorvolumens zu ermöglichen.

5. Feuermelder nach Anspruch 1, wobei der Fotosen-
sor, der Strahlung aus dem Sensorvolumen im zwei-
ten Wellenlängenband von innerhalb des Wellenlän-
genbereichs von 300 nm bis 1200 nm erfasst, we-
nigstens eine/einen von: einer Silizium-Fotodiode,
einer Halbleiter-basierten Fotodiode, einer PIN-Fo-
todiode, einer Lawinen-Fotodiode, einem Fotowi-
derstand, einem Fototransistor, einer LED, die im
Umkehrmodus als Fotosensor betrieben wird, einer
CCD, einer Fotoröhre und einer Fotomultiplizierröh-
re umfasst.

6. Feuermelder nach Anspruch 1, wobei die Quellen-
anordnung oder die Fotosensoranordnung oder bei-
de optische Wellenlängenfiltermittel umfassen, so
dass Strahlung im ersten Wellenlängenband in das
Sensorvolumen eintritt und Strahlung, die im zweiten
Wellenlängenband erfasst wird, keine gemeinsa-
men Wellenlängen umfassen.
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7. Feuermelder nach Anspruch 6, wobei das optische
Wellenlängenfiltermittel mindestens eines von: ei-
nem wellenlängenselektiven Transmissionsfilter, ei-
nem Reflexionsfilter, einem elektrochromen Filter,
einer optisch brechenden Struktur und einer optisch
diffraktiven Struktur umfasst.

8. Vorrichtung zum Melden von Feuer nach Anspruch
1, wobei die Quellenanordnung in einem gepulsten
Beleuchtungsmodus betrieben wird und wobei zeit-
basierte elektrische Signalfilterung am Ausgang der
Fotodetektoranordnung angelegt wird, so dass die
Ausgabe von einer Zeitperiode nach Beendigung ei-
nes beliebigen Beleuchtungsimpulses, der mit we-
nigstens einem Teil einer Abklingperiode für die Fo-
tolumineszenz zusammenfällt, ein Maß für die Foto-
lumineszenz liefert.

9. Feuermelder nach Anspruch 1, wobei die Strah-
lungsquellenanordnung und die Fotosensoranord-
nung in einer nicht kollinearen Anordnung derart an-
geordnet sind, dass nur Strahlung vom Sensorvolu-
men, das bei Winkeln innerhalb eines Bereichs zwi-
schen 30 bis 180 Grad in Bezug auf die Richtung
der Strahlung von der Quellenanordnung zum Sen-
sorvolumen emittiert wird, am Fotosensor gesam-
melt wird.

10. Feuermelder nach Anspruch 1, wobei die Strah-
lungsquellenanordnung und die Fotosensoranord-
nung so angeordnet sind, um den Empfang von
Strahlung durch den Fotosensor entweder direkt von
der Strahlungsquelle, durch Reflexion von Struktu-
ren innerhalb des Detektors oder aus einer Umge-
bung außerhalb des Detektors durch Bereitstellung
von Strahlungsbarrieren und Absorptionsstrukturen
auf einen niedrigen Pegel zu verringern.

11. Feuermeldevorrichtung, die einen Feuermelder
nach Anspruch 1 umfasst, wobei die Vorrichtung ei-
nen oder mehrere zusätzliche Feuermeldesenso-
ren, die verwendet werden, um das Vorhandensein
von mindestens einem der mit Feuer verbundenen
Produkte einschließlich Rauch, Kohlenmonoxid, of-
fene Flamme und Hitze zu erfassen, einschließlich
Streulicht-Rauch-Sensoren, Rauchsensoren vom
Ionisationstyp, Lichttrübungssensoren, Kohlenmon-
oxidsensoren, elektromagnetische Emissionssen-
soren für Flammen und Temperatursensoren um-
fassen kann, wobei gegebenenfalls eine Aktivierung
des Betriebs des Feuermelders nach Anspruch 1
oder Komponenten davon als Reaktion auf die aus-
gewählte Ausgabe von einem oder mehreren der zu-
sätzlichen Feuermeldesensoren erfolgt.

12. Feuermeldevorrichtung, die einen Feuermelder
nach Anspruch 1 umfasst, wobei der Feuermelder
in Kombination mit einer Rauchmelderanordnung

mit optischer Streuung oder mit einer Rauchmelde-
ranordnung mit optischer Absorption betrieben wird,
wobei die Sensorvolumina der Feuermelder- und der
Rauchmelderanordnung nahe oder gemeinsam
oder teilweise gemeinsam sind, und wobei für ge-
trennte Messungen der Fotolumineszenz und der
optischen Streuung oder Absorption unterschiedlich
zeitgesteuerte Impulse oder unterschiedliche Stufen
im gepulsten Betrieb von Quelle oder Quellen ver-
wendet werden.

13. Feuermelder nach Anspruch 1 mit einer oder meh-
reren Quellanordnungen, die in der Lage sind, Strah-
lung in mehreren ersten Wellenbändern zu erzeu-
gen, um Material im Sensorvolumen entweder
gleichzeitig oder als Impulse zu unterschiedlichen
Zeitpunkten zu beleuchten und anzuregen, und mit
einer oder mehreren Fotosensoranordnungen, die
in der Lage sind, Strahlung in mehreren zweiten Wel-
lenbändern zu erfassen, die Ausgaben liefern, die
mehrere fotolumineszente Materialien im Sensorvo-
lumen kennzeichnen.

14. Feuermeldesystem, umfassend eine Vielzahl von
Vorrichtungen zum Melden von Feuer, wobei die
Vielzahl von Vorrichtungen wenigstens einen Melder
aufweist, der ein Melder nach Anspruch 1 ist.

15. Verfahren zum Melden von Feuer in einer Umge-
bung, umfassend: in einer Kammer, die mit der Um-
gebung in Verbindung steht, Hineinleuchten in ein
Sensorvolumen innerhalb der Kammer eines Lichts
in einem ersten Wellenband, das ausgewählt ist, um
Fotolumineszenz von Feuerprodukten anzuregen,
und Erfassen solcher Fotolumineszenz als Licht in
einem zweiten Wellenband, das sich vom ersten
Wellenband unterscheidet, oder während einer Fo-
tolumineszenz-Abklingperiode nach Beendigung
der Beleuchtung im ersten Wellenband, Erzeugen
eines Signals, das auf die Intensität der Fotolumi-
neszenz anspricht; Bestimmen auf der Grundlage
des Signals, ob ein gefährlicher Feuerzustand an-
gezeigt wird, und Betätigen eines Alarms, wenn ein
derartiger gefährlicher Zustand angezeigt wird.

Revendications

1. Détecteur d’incendie comprenant :

une enceinte permettant d’assurer un transfert
d’air en provenance d’un environnent dans un
volume de détection ;
un ensemble de sources qui éclaire ledit volume
de détection dans une première bande de lon-
gueurs d’onde électromagnétiques ; et
un ensemble de capteurs photosensibles confi-
guré pour détecter, dans une deuxième bande
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de longueurs d’onde électromagnétiques, des
émissions photoluminescentes résultant de
l’éclairage de particules dans le volume de dé-
tection par rayonnement dans ladite première
bande de longueurs d’onde électromagnéti-
ques,
l’ensemble de capteurs photosensibles fournis-
sant une sortie indiquant ladite photolumines-
cence détectée
dans lequel ladite sortie est une entrée à un en-
semble de notification de situation d’incendie
actionné par un signal ou plusieurs signaux
d’entrée.

2. Détecteur d’incendie selon la revendication 1, dans
lequel lesdites première et deuxième bandes de lon-
gueurs d’onde sont sélectionnées de manière à com-
porter séquentiellement des bandes de longueurs
d’onde d’excitation et d’émission luminescente pour
des produits d’incendie.

3. Détecteur d’incendie selon la revendication 2, dans
lequel lesdits produits d’incendie comportent des hy-
drocarbures aromatiques polycycliques et des déri-
vés gardant une structure aromatique polycyclique.

4. Détecteur d’incendie selon la revendication 1, dans
lequel la fourniture d’un rayonnement dans ladite
première bande de longueurs d’onde comprise dans
la plage allant de 200 nm à 600 nm est assurée par
ledit ensemble de sources qui comporte au moins
l’un(e) parmi : une diode LED, un LASER, un dispo-
sitif microplasma et une source de décharge fonc-
tionnant pour fournir un éclairage continu ou pulsé
dudit volume de détection.

5. Détecteur d’incendie selon la revendication 1, dans
lequel ledit capteur photosensible détectant un
rayonnement provenant dudit volume de détection
dans ladite deuxième bande de longueurs d’onde
comprise dans la plage de longueurs d’onde allant
de 300 nm à 1200 nm comprend au moins l’un(e)
parmi : une photodiode au silicium, une photodiode
à base de semi-conducteur, une photodiode PIN,
une photodiode à avalanche, une photorésistance,
un phototransistor, une LED fonctionnant en mode
inversé comme un capteur photosensible, un dispo-
sitif à couplage de charge CCD, un phototube, et un
tube photomultiplicateur.

6. Détecteur d’incendie selon la revendication 1, dans
lequel ledit ensemble de sources ou ledit ensemble
de capteurs photosensibles ou les deux intègre(nt)
un moyen de filtrage de longueur d’onde optique de
sorte qu’un rayonnement dans ladite première ban-
de de longueurs d’onde entrant dans ledit volume
de détection et un rayonnement détecté dans ladite
deuxième bande de longueurs d’onde ne compor-

tent pas de longueurs d’onde communes.

7. Détecteur d’incendie selon la revendication 6, dans
lequel ledit moyen de filtrage de longueur d’onde op-
tique comprend au moins l’un(e) parmi : un filtre de
transmission sélective de longueur d’onde, un filtre
de réflexion, un filtre électrochromique, une structure
de réfraction optique et une structure de diffraction
optique.

8. Dispositif de détection d’incendie selon la revendi-
cation 1, dans lequel ledit ensemble de sources fonc-
tionne dans un mode d’éclairage pulsé et dans lequel
un filtrage de signal électrique basé sur le temps est
appliqué à la sortie dudit ensemble de capteurs pho-
tosensibles de sorte que ladite sortie à partir d’une
période de temps après la fin d’une impulsion quel-
conque d’éclairage coïncidant avec au moins une
partie d’une période de déclin pour ladite photolumi-
nescence fournisse une mesure de ladite photolu-
minescence.

9. Détecteur d’incendie selon la revendication 1, dans
lequel ledit ensemble de sources de rayonnement
et ledit ensemble de capteurs photosensibles sont
positionnés dans un agencement non colinéaire de
sorte que seul un rayonnement provenant dudit vo-
lume de détection émis à des angles compris entre
30 et 180 degrés par rapport à la direction du rayon-
nement provenant dudit ensemble de sources et al-
lant vers ledit volume de détection soit recueilli au
niveau dudit capteur photosensible.

10. Détecteur d’incendie selon la revendication 1, dans
lequel ledit ensemble de sources de rayonnement
et ledit ensemble de capteurs photosensibles sont
agencés de manière à réduire, à un faible niveau, la
réception par ledit capteur photosensible d’un rayon-
nement soit directement à partir de ladite source de
rayonnement, par réflexion à partir de structures
dans ledit détecteur, ou à partir d’un environnent ex-
térieur audit détecteur par la fourniture de barrières
contre le rayonnement et de structures absorbant le
rayonnement.

11. Dispositif de détection d’incendie intégrant un détec-
teur d’incendie selon la revendication 1, dans lequel
ledit dispositif peut comporter un ou plusieurs cap-
teur(s) de détection d’incendie supplémentaire(s)
utilisé(s) pour détecter la présence d’au moins l’un
des produits associés à l’incendie y compris la fu-
mée, le monoxyde de carbone, les flammes, et la
chaleur, comportant des détecteurs de fumée à dif-
fusion de lumière, des détecteurs de fumée à ioni-
sation, des capteurs d’obscurcissement lumineux,
des capteurs de monoxyde de carbone, des cap-
teurs d’émission électromagnétique de flammes, et
des capteurs de température, où une activation op-
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tionnelle du fonctionnement dudit détecteur d’incen-
die selon la revendication 1 ou des composants de
celui-ci répond à une sortie sélectionnée à partir d’un
ou de plusieurs desdits capteurs de détection d’in-
cendie supplémentaires.

12. Dispositif de détection d’incendie intégrant un détec-
teur d’incendie selon la revendication 1, dans lequel
ledit détecteur d’incendie fonctionne en combinaison
avec un ensemble de détecteurs de fumée à absorp-
tion optique ou diffusion optique, où les volumes de
détection dudit détecteur d’incendie et dudit ensem-
ble de détecteurs de fumée sont adjacents, ou com-
muns, ou partiellement communs, et où des impul-
sions chronométrées différemment ou des différen-
tes étapes dans l’actionnement pulsé de la source
ou des sources sont utilisées pour des mesures sé-
parées de photoluminescence et de diffusion ou
d’absorption optique.

13. Détecteur d’incendie selon la revendication 1 inté-
grant un ou plusieurs ensemble(s) de sources en
mesure de produire un rayonnement dans de multi-
ples premières bandes de longueurs d’onde pour
éclairer et exciter un matériau dans ledit volume de
détection, soit simultanément ou sous la forme d’im-
pulsions à des moments différents, et un ou plusieurs
ensemble(s) de capteurs photosensibles en mesure
de détecter un rayonnement dans de multiples
deuxièmes bandes de longueurs d’onde fournissant
des sorties indiquant de multiples matériaux photo-
luminescents dans ledit volume de détection.

14. Système de détection d’incendie comprenant une
pluralité de dispositifs pour détecter un incendie, la-
quelle pluralité de dispositifs comporte au moins un
détecteur qui est un détecteur selon la revendication
1.

15. Procédé de détection d’incendie dans un environne-
ment, comprenant : dans une chambre communi-
quant avec ledit environnement, le fait d’émettre,
dans un volume de détection dans ladite chambre,
une lumière dans une première bande de longueurs
d’onde sélectionnée pour exciter la photolumines-
cence provenant des produits d’incendie, et de dé-
tecter une telle photoluminescence en tant que lu-
mière dans une deuxième bande de longueurs d’on-
de distincte de ladite première bande de longueurs
d’onde ou pendant une période de déclin de photo-
luminescence après l’arrêt d’éclairage dans la pre-
mière bande de longueurs d’onde, de générer un
signal en réponse à l’intensité de la
photoluminescence ; de déterminer sur la base dudit
signal, si une situation d’incendie dangereuse est
indiquée, et d’actionner une alarme lorsqu’une telle
situation dangereuse est indiquée.
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